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ABSTRACT: The curriculum design of engineering courses has become challenging in 
21st century. This is mainly due to pressure of inclusion of vast amount of technical 
knowledge which is doubling every 10 years, therefore, curriculum designers often find 
difficult to incorporate the required discipline knowledge in a four year engineering 
curriculum. On the other hand there is an ever increasing demand of inclusion of non- 
technical subjects such as humanities, social sciences, communication and languages. 
This has become contentious issue as up to what extent the non – engineering courses 
should be incorporated into engineering curriculum. This paper explores the guiding 
factors and constraints under which a balance between technical and non-technical 
subjects is achieved in engineering curriculum in Australia, USA and India. As a case 
study, mechanical engineering curriculum at MIT (USA), QUT (Australia) and IIT 
Madras (India) have been analysed. It is concluded that quality and quantity of non 
technical subjects needs to be strengthened to face the complex challenges of this 
century.    
 
The design of engineering degree curriculum is closely related to what attributes and 
capabilities are required in the profession of engineering by society. The attributes 
relevant in the last centaury may not be relevant today due to constantly changing global 
economy. It is a matter of concern to see numerous reports from Industry that today’s 
engineers are not appropriately educated in educational institutions to meet the real life 
challenges of industry (The Australian 2008, NASSCOM report 2007). Often the 
engineers have a public perception of being inflexible and lacking social skills and pre 
occupied with technical matters (Rojter, 2002). Industry also perceives present time 
graduates lacking is soft skills like communication, negotiation, ethics, team work and 
leadership. Therefore, an attempt has been made by government, professional bodies, 
accreditation agencies and universities to modify engineering curriculum to help improve 
the above characteristics in graduating engineer.         
 
Curriculum design is not an isolated activity. It has to satisfy the requirements of set by   
international agreements (such as Washington Accord), professional bodies, University 
and faculty. The curriculum of all engineering courses needs to satisfy the professional 
accreditation requirements of the national accreditation body so that after completing the 
course a student is able to practice engineering profession and get an employment.  Then 
there is a second tier of graduate attributes prescribed by University or Faculty which also 
needs to be satisfied in the curriculum. For example the bachelor degree curriculum in 
aeronautical engineering degree at MIT satisfies the essential requirements prescribed by 
national accreditation body as well as general goals of engineering education prescribed 
by the MIT.  
 
 
 
 2
Historically, engineering education can be divided into three phases. First, from the 
beginning of human civilization until middle of 20th century. During this period it was 
mostly based upon professional practice and was focused on imparting empirical 
knowledge obtained by trade persons. Second phase started around middle of the 20th 
century till its end. During this phase the engineering education was mostly Science and 
Information Technology driven, as the knowledge base of Science and IT has increased 
tremendously during 20th century. This has shifted the teaching and practice of 
engineering from the empirical knowledge to science based foundation. Also, since then 
engineers are also expected to be good researcher thereby increasing the depth and width 
of engineering curriculum. This is reflected in the high amount of engineering science 
content and compulsory IT component in the curriculum.  
 
The third phase started in this century with newer social, economic and environment 
challenges reshaped the role of engineers as managers in the society. The ‘technical’ 
knowledge of a specific discipline was not sufficient for an engineer to provide solutions 
of complex interdisciplinary problems. The review committee appointed by National 
Academy of Engineering USA has pointed that graduates will have to look economic, 
political, ethical and social constraints as boundary conditions that define the possible 
range of solutions for future engineering problems (NAE, 2005) More often engineers 
have to work in teams (thus requiring high order of soft skills) to design / manufacture in 
an environment friendly or sustainable way. This has put an overwhelming pressure 
before curriculum designers to include subjects related to humanities, social sciences, 
ecology, management and languages including professional communication into 
engineering curriculum. Furthermore, integration of technology into development of 
public infrastructure and lives of people will demand more extensive and broad based 
knowledge than technical knowledge alone. Perhaps, this is reflected in the revised 
version of attributes of engineers developed by Accreditation Board for Engineering and 
Technology (ABET) and Engineers Australia (EA) which has been described in the 
following section.    
 
Accreditation criteria of engineering curriculum in USA 
In USA the relevant accreditation agency is called Accreditation Board for Engineering 
and Technology. The Accreditation Requirements for all engineering courses are given 
below (ABET 2007). All engineering degree curriculum are designed to produce 
engineering graduates who must demonstrate the following:   
(a) an ability to apply knowledge of mathematics, science, and engineering 
(b) an ability to design and conduct experiments, as well as to analyze and interpret data 
(c) an ability to design a system, component, or process to meet desired needs within 
realistic constraints such as economic, environmental, social, political, ethical, health and 
safety, manufacturability, and sustainability 
(d) an ability to function on multidisciplinary teams 
(e) an ability to identify, formulate, and solve engineering problems 
(f) an understanding of professional and ethical responsibility 
(g) an ability to communicate effectively 
(h) the broad education necessary to understand the impact of engineering solutions in a 
global, economic, environmental, and societal context 
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(i) a recognition of the need for, and an ability to engage in life-long learning 
(j) a knowledge of contemporary issues 
(k) an ability to use the techniques, skills, and modern engineering tools necessary for 
engineering practice. 
 
As pointed out earlier a curriculum has to also satisfy the essential requirement or 
attributes prescribed by the university or faculty. These are often broad based qualities 
which are deemed to be possessed by any graduate from those institutions. Therefore a 
curriculum designer can not ignore the attributes and they become guiding factors. To 
further clarify I will be taking Massachusetts Institute of Technology (MIT) as an 
example. The MIT then the relevant goals of engineering undergraduate education (MIT, 
1988) are as follows:  
a. Have obtained a firm foundation in the sciences basic to their technical field. 
b. Have begun to acquire a working knowledge of current technology in their area of      
     interest. 
c. Have begun to understand the diverse nature and history of human societies, as well as 
    their literary, philosophical, and artistic traditions. 
d. Have acquired the skills and motivation for continued self-education. 
e. Have had an opportunity to exercise ingenuity and inventiveness on a research project. 
f. Have had an opportunity for engineering synthesis on a design project. 
g. Have developed oral and written communication skills. 
h. Have begun to understand and respect the economic, managerial, political, social, and 
    environmental issues surrounding technical development. 
 
It is noteworthy that the attributes required by an engineering graduate are not only 
related to the core technical knowledge and skills but also related to the broad societal 
environment in which engineers will work and interact. The essential traits include 
technical, communication, managerial, life long learner, leadership skills so as to develop 
ethical, environmentally sustainable and socially acceptable products and process. 
 
Accreditation criteria of engineering curriculum in Australia  
In order to become a professional engineer in Australia one must have an accredited 
degree. The accreditation is given by Engineers Australia which is a non government 
professional body. The basic criteria of accreditation of engineering programs are as 
follows:  
   
PE1 KNOWLEDGE BASE 
PE1.1 Knowledge of science and engineering fundamentals 
PE1.2 In-depth technical competence in at least one engineering discipline 
PE1.3 Techniques and resources 
PE1.4 General Knowledge: Broad educational background and/or general knowledge necessary to 
understand the place of engineering in society 
 
PE2 ENGINEERING ABILITY 
PE2.2 Understanding of social, cultural, global, and environmental responsibilities and the need to employ 
principles of sustainable development. 
PE2.3 Ability to utilise a systems approach to complex problems and to design and 
operational performance. 
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PE2.4 Proficiency in engineering design. 
PE2.5 Ability to conduct an engineering project. 
PE2.6 Understanding of the business environment. 
 
PE3 PROFESSIONAL ATTRIBUTES 
PE3.1 Ability to communicate effectively, with the engineering team and with the community at large. 
PE3.2 Ability to manage information and documentation. 
PE3.3 Capacity for creativity and innovation. 
PE3.4 Understanding of professional and ethical responsibilities, and commitment to them. 
PE3.5 Ability to function effectively as an individual and in multidisciplinary and multicultural teams, as a 
team leader or manager as well as an effective team member. 
PE3.6 Capacity for lifelong learning and professional development. 
PE3.7 Professional Attitudes. 
 
Most of the Australian Universities will also have their own criteria’s of graduate 
attributes. These are the required characteristics which the University endeavors to 
achieve at the end of degree program.  
 
For example, Queensland University of Technology, Brisbane, courses aim to develop 
graduates who are able to demonstrate: 
 
1- Knowledge and skills pertinent to a particular discipline or professional area.  
 
2- Critical, creative and analytical thinking, and effective problem-solving.  
 
3- Effective communication in a variety of contexts and modes.  
 
4- The capacity for life-long learning.  
 
5- The ability to work independently and collaboratively.  
 
6- Social and ethical responsibility and an understanding of indigenous and international 
perspectives.  
 
7- Characteristics of self-reliance and leadership.  
 
 
Comparison of criteria of QUT and MIT  
 
For simplicity the whole engineering course can be categorised into four groups.  
 
Category 1: subjects related to Science 
Category 2 : subjects related to core engineering  
Category 3 : subjects related to advanced / discipline of engineering 
Catogory 4 : other subjects (humanities, communication, ethics etc)  
 
After mapping the qualities and attributes prescribed by ABET, MIT, Engineers Australia 
and QUT into corresponding four categories (shown in table 1) one can estimate the 
 5
framework of curriculum and required contents in each category to fulfill the above 
criteria. 
 
Table 1: Comparison of attributes of an engineering graduate required for accreditation in 
USA and Australia 
                            USA                              Australia  
 ABET  MIT  Engineers Australia  QUT  
Category 1 a,b a 1.1 1 
Category 2 a,b,e,k b,e,f 1.2,2.3,2.4, 1,2 
Category 3 c,e,k b,e,f 1.2,2.3,2.4,2.5 1,2 
Category 4 c,d,f,g,h,i,j,k c,d,g,h 1.4,2.2,2.5,2.6,3.1,3.2, 
3.3,3.4,3.5,3.6,3.7 
3,4,5,6,7 
     
 
The Table 1 indicates that the essential attributes of an engineering graduate have 
changed compared to the past. The striking point is that the scope and importance of non 
engineering subjects and soft skills has increased considerably. Whether it is an 
accreditation agency in USA or Australia, there is  considerable emphasis on non 
engineering subjects and improvement in soft skill sets of graduating engineer. Therefore, 
in recent years efforts have been made to find out ways and means of incorporating non 
engineering subjects into curriculum in order to satisfy accreditation and university 
requirements as shown in table 2. This suggests that time has come to review the contents 
of the ‘technical’ subjects and test them in current practice and perspective. Similarly, the 
content of science, humanities and other non engineering subjects need to be redesigned 
so that these are complementary and relevant to engineering skills. Without altering the 
scope, style, and content of engineering as well as non engineering subjects it may not be 
possible to satisfy all the essential requirements as the total course time and number of 
contact hours has not increased.    
 
 
Table 2: Allocation of non technical subjects in engineering curriculum in selected 
universities in Australia. (Rojter 2002) 
Percentage allocation of non technical subjects   University  
2001 1987 
Melbourne  5 4.5 
Sydney 13-17 2 
Monash  3 7 
University of NSW  14 8 
RMIT 10 8 
Victoria  9 5 
 
 
A case study of Queensland University of Technology, Brisbane, Australia 
In the light of above discussion engineering curriculum in the QUT provides specific 
discipline knowledge, generic and non engineering knowledge / skills in order to satisfy 
the requirements of Engineers Australia. Out of total 32 subjects, two subjects’ ie 
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Professional Communication and Introducing Sustainability are common to Bachelor 
programs in Engineering, Architecture and Design. For all the engineering degree 
courses, four subjects are related to science and six are related to core engineering 
subjects and remaining 16 subjects are related to discipline specific knowledge.         
 
As a case study, course structure of Bachelor degree in Mechanical Engineering has been 
analysed.  After examining all 32 subjects and classifying each into one of the four 
categories the distribution is as follows: 4 subjects are from category 1, 6 subjects are 
from Category 2, 24 subjects are from Category 3, and 2 subjects are from category 4.  
However there are few subjects for example; Project work, Work Integrated Learning and 
Sustainability which partly full fills requirements in category 4 have been classified in 
category 3. For example, as a part of final year project assessment every student is asked 
to write a 10 page technical report for a non specialist examiner. This is in addition to the 
detailed project report, in order to improve the generic communication skills of the 
students. Thus, the actual number of subjects related to category 4 will be more than 2 
and with proper electives it could be assumed in between 3 to 5.   
  
Accreditation criteria of engineering curriculum in India 
The author could not find list of generic attributes required by a graduate engineer on the 
website of AICTE. However, curriculum of a model Bachelor of engineering program 
has been suggested. Accordingly 15-20% of the curriculum should be related to basic 
sciences and humanities and 10% management sciences and remaining 70% should be 
technical subjects. On pedagogy, AICTE suggests that where possible students should be 
encouraged to group discussion on topics of current rends in technology without any no 
credit. Furthermore, the agency responsible for accreditation of engineering programs, 
National Board of accreditation (NBA) envisages -     
  
Each undergraduate Degree programme should embody general and specialized 
professional content of adequate depth and breadth, and should include appropriate 
Humanities and Science components. The core of the main programme should 
concentrate on acquisition of knowledge and skills in the specific discipline, and also 
ensure exposure to inter-disciplinary areas. There should also be an effective 
relationship between the curricular content and practice in the field of specialization. In 
addition, the students successfully completing the programme should demonstrate their 
competence in oral communication, scientific and quantitative reasoning, critical 
analysis, logical thinking, creativity and capacity for self-learning. 
 
From the above it is clear that similar to USA and Australia the Indian accrediting agency 
also underpins the importance of technical as well as non technical knowledge and skill 
sets required in engineering graduates. NBA reiterates the importance of interdisciplinary 
knowledge, understanding of professional practice, communication, reasoning, creativity 
and self learning. However, the quality and quantity of non technical subjects in 
engineering institutions is not satisfactory as a report by NASSCOM has pointed out that 
only 30% of engineering graduates are employable in industry mainly due to lack of 
communication and teamwork skills (Businessweek, 2007). Since the model curriculum 
suggested by AICTE is only suggestive thus leaving room for institutions/ universities to 
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frame their own syllabus and 85% of engineering graduates in India are being trained in 
private, unaided, engineering colleges affiliated to government controlled universities 
(CABE Report, 2005) therefore onus lies with Technical Universities to help improve the 
quality and quantity of non technical subjects in engineering education.   
     
 
It is noteworthy that the premier engineering institute MIT has highest number of non 
engineering subjects in the curriculum as evident in table 3.Furthermore, the importance 
of communication related subjects is reinforced from the fact that  mechanical 
engineering students need to attend 2 communication intensive subjects in humanities, 
arts, and social Sciences; and 2 communication intensive subjects in the engineering 
major. The famous MIT sponsored CDIO (Conceive, Design, Implement, Operate) 
syllabus project also confirms that personal skills and communication were two most 
important attributes required to be improved in engineering education (Crawley 2002).  
On Indian scenario, even the Indian Institute of Technology (IIT Madras as an example) 
has only 3 mandatory social science & humanities subjects which can be augmented by 2 
electives. The content of two professional majors can be only partly counted into non 
technical subjects as there is substantial engineering content in these subjects. 
Nevertheless, representation of non technical subjects in IIT curriculum appears better 
than AICTE model curriculum and other technical universities (for ex. UP Technical 
University which has 4 non technical subjects as shown in table 3) as it provides better 
quality and quantity of non technical subjects. For example, IIT Madras has 67 electives 
within humanities and social sciences out of this a student can choose any three subjects. 
Not many other engineering institutions in the world will offer so much choice in area of 
humanities and social sciences.       
 
Table 3: Approximate number of course in Science (cat-1), Engineering (cat 2 and 3) and 
non technical subjects (cat-4) in Mechanical Engineering course at selected institutions in 
Australia, USA and India   
 QUT MIT AICTE 
Model 
curriculum 
IIT Madras  UP Technical 
University 
Category 1 4 6 6 10 4 
Category 2 6 7 10 + 2 Professional  
major 
4 
Category 3 24 
16 
24 21 19 
Category 4  (2-4) 
Elective  
Total 12 =  
8 humanities 
and social 
sciences +  4* 
communication   
 
1-3  (3-5) 4 including 
Professional  
Communication, 
Environmental  
studies as 
compulsory subjects  
*2 subjects designated as Communication Intensive in Humanities, Arts, and Social Sciences (CI-H); and 2 
subjects designated as Communication Intensive in the Engineering Major 
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It has been argued that by incorporating both, engineering and non engineering subjects 
together either technical content in the curriculum will reduce substantially or only 
superficial understanding of non engineering subjects is possible in the limited time and 
resources. However, the table shows that all the world class technical institutions have 
quite a large amount of non technical content in their curriculum. For example in table 3 
Mechanical engineering program at MIT has minimum number of technical subjects (16), 
and maximum number of non technical subjects (12) including 4 communications related 
subjects. Therefore, to face the challenges of 21st century the curriculum designers have 
to restructure the engineering programs by refocusing on the attributes required for a 
successful engineer.  
 
Conclusion 
 
• Curriculum design has become challenging task due to ever increasing knowledge 
base of engineering discipline and requirements imposed by accreditation 
agencies. 
• The engineers of 21st century have to face complex socio-economic-techno 
problems which will require not only the technical skill but also non-technical 
knowledge and soft skills.  
• A review of course content and structure should be done in the present scenario so 
that only useful ‘technical’ knowledge is blended with relevant knowledge from 
non engineering subjects such as humanities, ethics, communication and 
sustainability. This has been partly adopted in most of the engineering programs 
in USA and Australia.  In the Indian context, majority of engineering institutions 
are lacking in quality and quantity of non technical subjects and training of soft 
skills in the curriculum which is reflected in improvement calls given by Indian 
industry such as NASSCOM.     
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